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COMPUTER- IMPLEMENTED METHOD OF SELECTING A PROFILED ELEMENT FOR A LOAD-BEARING 
STRUCTURE 



The present invention relates to a novel technique of designing and constructing 
5 load-bearing structures such as bridges, houses, etc. More specifically, the present 
invention relates to a novel method of selecting and delivering a profiled, composite 
pulltruded element for a load-bearing structure. 

Within the last decade, the use of composite pulltruded elements, in particular 
1 0 profiled elements, has increased significantly and the industry has realised that the 
light-weight high-strength and corrosion resistant elements produced through 
composite pulltrusion constitute structural elements which do not only allow the 
conventional concrete steel and wooden structural elements to be substituted, 
rather allows the construction of high-strength and light-weight structures having 
1 5 highly advantageous properties as compared to similar conventional structures 
made from concrete and steel. 

The applicant company has delivered load-bearing structures for a number of 
applications within the last decade among which applications the following may be 

20 mentioned: foot- or bicyclebridge, ferry pier, connecting bridge for offshore drilling 

rigs, landing stages, footbridges in industrial plants, cooling towers, gratings, ladders 
and railing systems, facings for buildings, etc. The applicant company being one of 
the major European suppliers of profiled, composite pulltruded elements has 
delivered a construction manual for the company's customers which construction 

25 manual includes description of the various profile elements, fittings, etc. which are 
delivered by the applicant company. 

The conventional designing and construction of a load-bearing structure such as a 
bridge or any of the above described structural elements or other structural element 
30 built from profiled, composite pulltruded elements involves the provision of 

measures of the structure to be manufactured, dimensioning and designing the 
load-bearing structure from profiled, composite pulltruded elements e.g. by the use 
of the construction manual and checking of the load-bearing capability of the final 
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load-bearing structure, the request of delivery or ordering of the profiled, composite 
pulltruded elements by a pulltrusion factory and finally the delivery of the profiled, 
composite pulltruded elements. This technique of dimensioning, designing and 
building a load-bearing structure from profiled, composite pulltruded elements 
involves a number of individual or separate steps, some of which may be performed 
by the use of a computer including the mailing of orders on the internet, however 
fails to include a reliable and safe checking of the capabilities of the load-bearing 
structure preventing that the final load-bearing structure be incorrectly dimensioned 
and designed an example of incorrect designing and dimensioning being the 
recently collapsed bicycle arena in Copenhagen named the Siemens arena in 
Ballerup close to the city of Copenhagen. 

It is an object of the present invention to provide a novel technique of selecting and 
delivering profiled, composite pulltruded elements for a load-bearing structure 
involving a safe dimensioning and designing routine eliminating to a reasonable 
extent the risk of having an incorrectly designed load-bearing structure. 

It is an advantage of the present invention that the novel method of selecting and 
delivering profiled, composite pulltruded elements for a load-bearing structure allows 
the overall method to be performed by means of a computer allowing an online 
dimensioning and designing, ordering and delivery confirmation to be obtained also 
eliminating any faulty delivery of incorrectly designed elements for the load-bearing 
structure. 



A particular feature of the present invention relates to the fact that the novel method 
of selecting and delivering a profiled, composite pulltruded element for a load- 
bearing structure allows the technician to dimension and design the load-bearing 
structure in question from profiled, composite pulltruded elements by the use of the 
technician's own computer in an online set-up in which the latest high-strength 
elements be presented to the technician and in which online set-up the verification 
of the load-bearing capability of the load-bearing structure in question be insured by 
the continuous updating of the calculation program presented to the technician in 
the online set-up. 
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A further advantage obtained by the novel method of selecting and delivering a 
profiled, composite pulltruded element for a load-bearing structure as compared to 
the manual designing and dimensioning of the load-bearing structure relates to an 
inherent optimisation routine performed in the designing step carried out in the 
online set-up. 

The above object, the above advantages and the above feature together with 
numerous other objects, advantages and features which will be evident from the 
below detailed description of the present invention are according to the teachings of 
the present invention obtained by means of a method of selecting and delivering a 
profiled, composite pulltruded element for a load-bearing structure, said method 
comprising: 

i) providing load requirements and dimensions of the load-bearing 
structure, 

ii) providing a computer having an internet connection, an input means and 
an output means, and a server including a homepage and having an internet 
connection, the server further including a database including a list of profiled, 
composite pulltruded elements and a calculation program for calculating the load 
capability of any of the profiled, composite pulltruded elements of the list and having 
any specific dimensions, and the homepage having links to the database and to the 
calculation program, 

Hi) addressing the homepage and selecting from the list of profiled, 
composite pulltruded elements included in the database a specific profiled, 
composite pulltruded element and defining specific dimensions thereof 
corresponding to the dimensions of the load-bearing structure, 

iv) addressing the calculation program from the homepage for calculating 
the specific load capability of the specific profiled, composite pulltruded element of 
the specific dimensions and performing a comparison for comparing the specific 
load capability with the load requirements of the structure for determining whether or 
not the load requirements be fulfilled or not, 

v) forwarding a positive validation response from the calculation program via 
the homepage provided the comparison in step iv) establishes the fulfilment of the 
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load requirements or in the alternative, provided the comparison in step iv) 
establishes the non-fulfilment of the load requirements, forwarding a negative 
validation response and the calculation program selecting an alternative profiled, 
composite pulltruded element from the list and having the specific dimensions, and 
calculating the load capability thereof for comparison with the load requirements for 
selecting an alternative profiled, composite pulltruded element from the list fulfilling 
the load requirements and having the dimensions and forwarding data identifying 
the alternative profiled, composite pulltruded element along with the negative 
validation response to the computer, 

vi) output of the positive validation response or in the alternative the 
negative validation response together with the data from the computer, 

vii) returning an order to the homepage for the delivery of the specific 
profiled, composite pulltruded element or in the alternative the alternative profiled, 
composite pulltruded element, and 

viii) delivery of the specific profiled, composite pulltruded element or in the 
alternative the alternative profiled, composite pulltruded element from a factory. 

According to the basic teachings of the present invention, the technician is allowed 
to perform designing, dimensioning, selection and ordering of the relevant 
component being a profiled, composite pulltruded element for a load-bearing 
structure integrally involving a verification by the calculation program of the 
correctness of the load-bearing capability of the profiled, composite pulltruded 
element selected for the load-bearing structure. In more details, the novel technique 
according to the present invention involves the use of an online internet based set- 
up in which the technician based on the load requirements and the dimensions of 
the load-bearing structure to be designed and be manufactures from the profiled, 
composite pulltruded element or elements addresses homepage from which access 
is obtained to a database including an updated list of profiled, composite pulltruded 
elements available for the technicians and also having a link to a calculation 
program which is also currently updated based on imperical and theoretical analysis 
and results allowing the technician to choose a specific profiled, composite 
pulltruded element from the list fulfilling certain dimensional and design criteria and 
based on the load requirements and the dimensions of the load-bearing structure 
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asks the calculation program to determine whether or not the load-bearing capability 
of the specific profiled, composite pulltruded element chosen fulfils the load-bearing 
requirements of the structure. 

The calculation program determines whether or not the load-bearing requirements 
be fulfilled or not and informs via the internet from the homepage the technicians 
about the fulfilment or non-fulfilment of the load requirements. The validation 
response is a positive validation response or alternatively a negative validation 
response output to the computer operated by the technician. Provided the negative 
validation response be output, the homepage also informs the technicians, based on 
the calculation performed by the calculation program, about the existence of a 
possible alternative profiled, composite pulltruded element fulfilling the load-bearing 
requirements of the load-bearing structure. The technician then returns the order to 
the homepage for the delivery and from the homepage, the order is transmitted to 
the pulltrusion factory from which the selected profiled, composite pulltruded 
element being the specific profiled, composite pulltruded element or in the 
alternative the alternative profiled, composite pulltruded element is delivered. 

The method according to the present invention is according to a further aspect of 
the present invention refined as the method may advantageously further comprise: 
the calculation program selecting, provided the comparison in step iv) establishes 
the non-fulfilment of the load requirements, in step iv) an alternative dimension of 
the specific profiled, composite pulltruded element and calculating the load 
capability thereof for comparison with the load requirements for selecting an 
alternative dimension of the profiled, composite pulltruded element fulfilling the load 
requirements and forwarding data identifying the alternative dimension of the 
profiled, composite pulltruded element along with the negative validation response 
to the computer for output of the validation response from the computer. According 
to this alternative embodiment of the method according to the present invention, the 
designing performed by the calculation program also involves a redefinition of the 
dimensions of the selected profiled, composite pulltruded element for complying with 
and fulfilling the load-bearing requirements of the load-bearing structure. 
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The method according to the present invention further allows, according to the basic 
teachings of the present invention of utilising the calculation program for defining 
various load conditions, various fixation and/or set-ups of the load-bearing structure 
5 in question and further allows the technician to determine the load-bearing capability 
of specific fittings to be used in combination with the profile, composite pulltruded 
elements included in the list of the database. Consequently, according to a presently 
preferred further embodiment of the method according to the present invention, the 
method comprising a plurality of sub steps including: Definition of static system, 
1 0 definition of combination of loads on said load-bearing structure, 

definition of support of said load-bearing structure including definition of simple or 
elastic support, fixation or set-up or alternatively Charnier or hinged suspension. 

The presently preferred embodiment of the method according to the present 
1 5 invention as defined above also includes the feature of allowing the technician to co- 
operate in the designing of the load-bearing structure the fittings or other elements 
such as the glue connections, bolt fixations etc. used in combination with the profile, 
composite pulltruded elements of the load-bearing structure. Consequently, 
according to a further embodiment according to the present invention, the database 
20 further including an additional list of fittings to be used in combination with the 

profile, composite pulltruded elements and the calculation program calculating the 
load capability of any of the fittings of the additional list in combination the specific 
profiled, composite pulltruded element determined in step iv) and v). 

25 The determination and designing of the load-bearing structure preferably also 

includes, according to the basic teachings of the present invention: a supplementary 
list of glue connections or bolt connections and the calculation program calculating 
the load capability of the glue connection or bolt connection of any of the profiled 
composite pulltruded elements in combination with such connection and/or in 

30 combination with any of the fittings of said additional list. 

The method according to the present invention preferably further is refined as the 
method advantageously comprises the database having the list of profiled, 
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composite pulltruded elements organised in clusters of profiled, composite 
pulltruded elements having the same overall geometrical configuration, the clusters 
being further organised by ordering the clusters in increasing load capabilities of the 
profiled, composite pulltruded elements, or in the alternative decreasing load 
capabilities of the profiled, composite pulltruded elements. 

As an alternative to the organisation of the profile, composite pulltruded elements in 
clusters of the list in the database, the homepage may alternatively include an 
organising program allowing the homepage itself to organise in the clusters the 
profiled, composite pulltruded elements from the list of profiled, composite pulltruded 
elements included in the database being an non-cluster organised database. 

According to a particular optimisation feature of the method according to the present 
invention, the method according to the present invention preferably further 
comprises: the calculation program selecting, provided the comparison in step iv) 
establishes the non-fulfilment of the load requirements, an alternative specific 
profiled, composite pulltruded element from the cluster including the specific 
profiled, composite pulltruded element having a higher load capability. 

Additionally or alternatively, the method further advantageously comprises: the 
calculation program selecting, provided the comparison in step iv) establishes the 
fulfilment of the load requirements, an alternative specific profiled, composite 
pulltruded element from the cluster including the specific profiled, composite 
pulltruded element having a lower load capability, the calculation program 
performing a calculation of an alternative specific load capability of the load-bearing 
structure comprising the alternative profiled, composite pulltruded element and 
performing a comparison for comparing the specific alternative load capability with 
the load requirements of the structure for determining whether or not the load 
requirements be fulfilled or not, and 

the step v) including forwarding the positive validation response regarding the 
alternative profiled, composite pulltruded element from the calculation program via 
the homepage provided the comparison in step iv) establishes the fulfilment of the 
load requirements by the alternative profiled, composite pulltruded element or in the 
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alternative, provided the comparison in step iv) establishes the non-fulfilment of the 
load requirements by the alternative profiled, composite pulltruded element 
forwarding no validation response from the calculation program via the homepage 
regarding the alternative profiled, composite pulltruded element 

Additionally or alternatively, the method further advantageously comprises: the 
forwarding in step v) further including the forwarding of information regarding the 
specific load capability determined in step iv) and the step further including output of 
the information along with the positive validation response or in the alternative the 
negative validation response. 

The method according to the present invention may according to principles well 
known within the art per se such as the technique of presenting information' on the 
internet and allowing access to different homepages, etc. be further refined for 
allowing the presentation of the relevant information including the validation 
response, the data and any additional information as discussed above to the 
technician for improving the utility of the online dimensioning designing and 
selection technique and also expediting the ordering and delivery of the selected 
profiled, composite pulltruded elements according to the method of the present 
invention. 



According to the above discussed techniques of improving the ordering and delivery 
of the selected profiled, composite pulltruded element according to the teachings of 
the present invention, the method according to the present invention further 
preferably comprises in step vi) further including output of drawings of the load- 
bearing structure composed of said specific profiled, composite pulltruded element 
or in the alternative the alternative profiled, composite pulltruded element. 

The online integration of the dimensioning, designing, ordering and delivering of a 
selected, profiled, composite pulltruded element for the manufacturing of a load- 
bearing structure may further be enhanced by communicating the specific profiled, 
composite pulltruded element or in the alternative the alternative profiled, composite 
pulltruded element from the homepage to an inventory program, the inventory 
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program checking delivery times and stock of the specific profiled, composite 
pulltruded element or in the alternative the alternative profiled, composite pulltruded 
element and returning information regarding delivery times and stock to the 
homepage, thereby allowing the technician in the online set-up to ask the 
manufacturer or the factory producing profiled, composite pulltruded elements 
regarding delivery times and stock, prices, possible discounts, etc. as the method 
according to the present invention preferably further comprises: communicating the 
specific profiled, composite pulltruded element or in the alternative the alternative 
profiled, composite pulltruded element from the homepage to a bookkeeping 
program, the bookkeeping program checking the price of the specific profiled, 
composite pulltruded element or in the alternative the alternative profiled, composite 
pulltruded element and any discount options and returning information regarding the 
price and any discount options to the homepage. 

The method of selecting and delivering a profiled, composite pulltruded element 
may further include the introductory and final steps of determining the dimensioning 
of the load-bearing structure and further determining the load requirements thereof 
and of building the load-bearing structure from the specific profiled, composite 
pulltruded element or in the alternative the alternative profiled, composite pulltruded 
element, respectively. 

The step of determining the dimensions of the load-bearing structure and the step of 
determining the load requirements of the load-bearing structure may involve the 
physical work of measuring at the site at which the load-bearing structure is to be 
manufactured or alternatively determining the dimensions of the load-bearing 
structure from an existing technician's drawing and similarly, the determination of 
the load requirements may involve measurements or simple deduction from 
textbook or dimensioning or designing program of the relevant physical load to be 
impacted to the load-bearing structure. 

The invention is now to be further described with reference to the drawings in which 
Fig. 1 is a schematic and diagrammatic view of a computer implementation for 
carrying out the method according to the present invention, 
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Fig. 2 is a diagrammatic view of a flow of information in the computer 
implementation shown in Fig. 1 , 

Fig. 3 is a diagrammatic view of a scheme of establishing fulfilment of load-bearing 
capability of a profiled, composite pulltruded element of a load-bearing structure 
according to the teachings of the present invention, and 
Fig. 4a-4g is screen printouts of a password-protected homepage including a 
prototype calculation program. 



In Fig. 1 , a computer set-up is illustrated including an Internet connection to a server 
further communicating with a homepage, a calculation program and a database. 

In details, Fig. 1 illustrates a computer designated the reference numeral 10 in its 
entirety and including a CPU 12 connected to a screen 14 and a mouse 16 and a 
keyboard 18. The computer 10 is generally a conventional computer connected to 
the internet as is illustrated in Fig. 1 which internet is designated the reference 
numeral 20. The Internet 20 is also connected to a server 22 which further 
communicates with a homepage 24 to be described in greater details below, a 
calculation program 26 also to be described in greater details below and a list of 
profiled, composite pulltruded elements available for delivery from a pulltrusion 
factory or other supplier. The computer 10 is operated by a technician having the 
task of dimensioning and designing a load-bearing structure from one or more 
profiled, composite pulltruded elements to be delivered by the above-mentioned 
pulltrusion factory. 



The computer 10 is connected directly to the internet connection 20, alternatively 
the computer is connected directly to the server via a modem, either analogue or 
digital (POTS/ISDN), further alternatively the computer is connected to an intranet 
(LAN) which has an Internet connection. 

In Fig. 2, the flow of information is illustrated when a user 30, such as a technician, 
uses the method according to the present invention for the purpose of dimensioning 
and designing a load-bearing structure composed of profiled, composite pulltruded 
elements. 
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The user 30 uses the keyboard 18 and mouse 16 of the computer 10 for input of the 
dimensions of the structure, and the user further uses the homepage for selecting 
the geometry of the specific profiled, composite pulltruded elements from the 
database 28. 

The calculation program 26 uses the information regarding the dimensions and 
selection of the specific profiled, composite pulltruded elements for calculating the 
specific load capability of the specific profiled, composite pulltruded element, or 
alternatively the load-bearing structure composed of the specific profiled, composite 
pulltruded elements designed by the technician. 

The information regarding the profiled, composite pulltruded elements of the 
database 28 may be organised according to the overall geometrical configuration of 
the elements and also according to the load capabilities of the profiled, composite 
pulltruded elements, alternatively the calculation program 26 may include sorting 
routines for organising the information regarding the profiled, composite pulltruded 
elements. 

The calculation program 26 performs a comparison of the load requirements 
specified by the technician to the specific load capabilities calculated from the load- 
bearing structure designed by the technician. Provided the comparison establishes 
the load requirements to be fulfilled the homepage 20 outputs a positive validation 
response and corresponding data of the load-bearing structure and data regarding 
the specific profiled, composite pulltruded elements. Provided the comparison 
establishes the load requirements to be non-fulfilled, the calculation program 26 
chooses an alternative profiled, composite pulltruded element from the list, or the 
calculation program 26 chooses a profiled, composite pulltruded element having a 
load capability that is higher that that of the profiled, composite pulltruded element 
selected by the technician, alternately the calculation program will choose another 
dimension of the profiled, composite pulltruded element and recalculate the specific 
load capability of the structure composed of the specific profiled, composite 
pulltruded elements having the alternative dimension. 
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Provided the calculation program 26 has determined that the load-bearing structure 
designed by the technician fulfils the load requirements, the homepage 24 returns 
an order confirmation 24 to the technician 30, the order confirmation 24 may include 
price information regarding the delivery of the structure composed of the profiled, 
composite pulltruded element . 

In Fig. 3, a flow chart of the operation of selecting and delivering a profiled, 
composite pulltruded element for a load-bearing structure is illustrated. 

In block 50, the user, such as a technician, uses the mouse 16 and keyboard 18 of 
the computer 1 0 to access the homepage 24 in order to enter load requirements of 
a load-bearing structure composed of a profiled, composite pulltruded element or 
elements. In block 52 the user accesses the homepage 24 to define the static 
system. In block 54, the user defines the load combination or load combinations, 
and in block 56, the user selects a profiled, composite pulltruded element type from 
the database 28, and in block 56 enter the corresponding dimensions thereof to the 
homepage. The load-bearing structure may be composed of one or more profiled, 
composite pulltruded elements so the user has the option in step 58 to repeat step 
52 to 56. When the user has completed the selection and dimensioning of the load- 
bearing structure the calculation program 26 calculates the load capability of the 
specific load-bearing structure in step 60. In step 62 a comparison is performed for 
the purpose of establishing whether or not the load requirements are fulfilled by the 
specific load capabilities of the specific load-bearing structure. Provided the 
fulfilment of the load requirements for the load-bearing structure is established by 
the specific load-bearing structure in step 62, the calculation program 26 continues 
to step 64 where the results of the calculation is forwarded to the homepage, 
subsequently the calculation program 26 forwards an order sheet to the homepage 
24 in step 66. In step 68 a delivery confirmation is forwarded to the homepage 24 for 
the user to return to a factory producing profiled, composite pulltruded elements, or 
in the alternative to another delivery source of profiled, composite pulltruded 
elements. If, however, in step 62 the non-fulfilment of the load requirements of the 
load-bearing structure is established, the calculation program 26 chooses an 
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alternative size of the geometry of the selected profiled, composite pulltruded 
element from the database 28, or in the alternative the calculation program 26 
chooses another dimension of the selected profiled, composite pulltruded element, 
alternatively the calculation program 26 chooses another geometry of the profiled, 
composite pulltruded element, the program iterates the steps 60, 62 and 72 until the 
load requirements are fulfilled, thereafter the calculation program 26 continues with 
step 64 to 70 as described above, alternatively if the load requirements not be 
fulfilled using any of dimension of the profiled, composite pulltruded elements the 
calculation program 26 returns a warning to the user via the homepage 24. 
After step 62 the calculation program 26 alternatively chooses an alternative profile 
size/strength having a lower load-bearing capability for checking that the user has 
chosen a too heavy and large load-bearing structural element, and thereby waste of 
money and resources may be avoided. 

According to a particular feature of the technique according to the present invention, 
the step 52 of defining the static system and the step of defining the load 
combination or load combinations of the load-bearing structure may further involve 
the definition of a simple or a suspended support, a specific set-up or fixation or a 
Chamier or hinged set-up or fixation. According to a further embodiment of the 
method according to the present invention, the determination and selection of a 
specific profile, composite pulltruded element for a specific load-bearing structure 
may be modified by the determination and selection of specific fittings to be used in 
combination with the composite pulltruded element chosen or selected and also for 
determining the capability of specific connections or junctions such as junctions 
established by means of the fittings, glue connections, bolt connections etc. 
Consequently, according to this refined or alternative technique, the calculation 
program also includes a list of fittings and/or in addition, a list of specific connections 
or junctions, such as glue or bolt connections etc. 

In Fig. 4a, a password-protected homepage including a prototype of a calculation 
program is illustrated. 
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In Fig. 4b, the password-protected homepage of fig. 4a including a selection of a 
profiled, composite pulltruded element and corresponding dimensions is illustrated. 

In Fig. 4c, the password-protected homepage of fig. 4a including a list comprising 
profiled, composite pulltruded elements having different overall geometrical 
configurations is illustrated. 

In Fig. 4d, the password-protected homepage of fig. 4a including a list comprising 
profiled, composite pulltruded elements having different cross-sectional dimensions 
is illustrated. 

In Fig. 4e, the password-protected homepage of fig. 4a including a computer 
simulation of the support of the load-bearing structure. 

In Fig. 4f, the password-protected homepage of fig. 4a including a computer 
simulation of the loads exerted on the load-bearing structure. 

In Fig. 4g, the password-protected homepage of fig. 4a including a computer 
simulation of a combination of loads exerted on the load-bearing structure. 

The general principles of static calculation and dimensioning of load-bearing 
elements or structures are described in the annex 1 , bearing the title "Calculation of 
load capability of a continuous beam exposed to an orthogonal force and being 
made from a profile beam from Fiberline". Further, annex 2 is an English translation 
of the Danish terms displayed in the screen printouts constituting Figs. 4a-4g. 
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Annex 1 

Calculation of load capability of s continuous beam exposed to an orthogonal force 
and being made fro m a profile beam from Fiberiine. 

Calculation of length of column of the beam 

The length of the column Is calculated by using program 20. The length depends on the 
static system and the distribution of the orthogonal forces. In the present case, the 
orthogonal force is constant. 

Calculation of stress forces in the beam 

Stress forces in the beam are found by using program 21. The forces depend on the static 
system, the transversal load and the orthogonal forces in the beam. The program further 
takes into consideration additional torques in the beam due to the deflexion of the beam. 

Stability of the beam 

The stability is calculated when a compressive strength N is present in the beam. 

The stability of the beam is calculated as indicated in the Design Manual. The formula for 
the calculation originates from DS 456 1st edition. The formula specifies: 

Per _ 1 





N cr = A-cr cr 



N »A-f c 



The bearing capability including column effect as calculated. 
The bearing capability not including column effect as calculated. 
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N el ~ A ' 0ei The critical orthogonal force according to the theory of elastic 



N cr 1 



By substitution: N c w c 

N _ *jE* Is is the length of the column. It is calculated by program 20 as 

a ■ \2 



(l s ) stated above. 



N 



1 + 



E is the modulus of elasticity 
I is the moment of inertia 



The beam is stable provided: N s 



Tensions in the beam 

Tensions in the beam are calculated basically as stated in the Design Manual. As indicated 
in the Design Manual, it is assumed that the profile brakes due to the tension in the profile 
before any local instability of the profile occurs. The orthogonal tensions originating from the 
orthogonal force and the moment are calculated according to the theory of elasticity by use 
of conventional equations. The maximum tensions (traction and pressure tension) in the 
outer mode parts of the profile have to be smaller than the corresponding traction and 
pressure forces calculated. The maximum shear tension is calculated by dividing the shear 
area into the shear force. This tension has to be smaller than the shear strength caiculated. 

The stress forces are found by using program 21 as this program takes into consideration 
the influence from the orthogonal force to the distribution of the stress forces. 

The moment increase factor method described in the Design Manual applies theoretically 
only provided the deflection curve for the critical orthogonal force is a sinusoidal curve and 
provided the load has the same form as this sinusoidal curve. 



SUBSTITUTE SHEET (RULE 26) 



WO 2004/086260 



PCT7DK2004/000216 



17 



It Is assumed, as Indicated above and In the examples in the Design Manual, that the 
maximum shear tension and the maximum orthogonal tension may be present at the same 
time which means that there is no interaction between these two kinds of tension. 

It is assumed that the profile is fixated so as to prevent tilting. 

No calculations are made relating to local instability of the body (folding) at the fixations and 
at locations where large single forces apply. 

Based on the above, the following equations of load capability are obtained for a section of 
a beam, provided the stress forces N, Q and M are known. N is calculated positive as 
traction and negative as pressure. M is calculated positive provided a pressure is applied to 
the top surface. 

The area of the section is: a 

The moments of resistance (top surface and bottom surface) of the section are: w } 
Provided the section is symmetrical relative to the line of origin, then: w ■ w 2 » w 2 
The tension calculated in the top surface is, 



Provided the coefficient of utilisation of the orthogonal tensions is named Ui then: 




provided 



f c is the pressure strength of the material as calculated 



ft is the traction strength of the material as calculated 



If 



If 



(71 SO 



u, = 



u, 
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The tension calculated in the bottom surface is 
N M 

O7 = h -f Sff,<f 

provided 

f c is the pressure strength of the material as calculated 
f, is the traction strength of the material as calculated 



Provided the coefficient of utilisation of the orthogonal tensions is named U 2 then 



If 02 £ 0 



2 f. 



2 f 
c 

The coefficient of utilisation U for the orthogonal tensions for the section is U - max^Uj , 
The requirement usi prevails. 
The area of shear for the section is A. 



The maximum shear tension as calculated is T max = s T d 



in.which t d is the shear strength of the beam material as calculated. 
The coefficient of utilisation for the shear strength of the profile is u. = TgiSX 



The requirement U f si prevails. 
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Annex 2 



Fig. 4a 




Forlsbet 


The sequence 


Start 


Start 


Bsrsa n i na s d roa rann 


Program of calculation 


i ici r\vju M mci urn fivdu prograrnmet Kan 


Text as to the properties of the program 


Nv konstruktion 


New construction 






Fig. 4b 




Fori 0 bet 


The sequence 


Start 


otart 


Nv konstruktion 


New construction 


Konstruktionstvoe - bi^lk^ 


Type of construction - beam 


Profiltvoe - vinkelorafilpr 


Type of profile - angle profiles 


Dimensioner 


Dimensions 


Laenade 


Length 


Rotation 


Rotation 


Tilbaae - ODrpf knn<;tniktir»n 

i iiuq^o VJJICl fxVJI loll UIVUwl 1 


Return - create construction 






Fig. 4c 




Forlobet 


The sequence 


Start 


otart 


Nv konstruktion 


New construction 


Konstruktionstvoe - hi^lkp " " "~ 


Type of construction - beam 


Profiltvoe - vinkelnrofilpr 


Type of profile - angle profiles 


Dimensioner - U-nrofiIe*r - firkantrar 

1 IWI Wl IWI w ^/l UI lid I II IxGll III 101 


Dimensions - U-profiles - reinforced tubes 


Laenade - l-orofiler 


Length - l-profiles 


Rotation 


Rotation 


Tilbage - opret konstruktion 


Return - create construction 






Fig. 4d 




Forl0bet 


The sequence 


Start 


Start 


Ny konstruktion 


New construction 
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Konstruktionstype - bjaelke 


Type of construction - beam 


Profiltype 


Type of profile 


Dimensioner 


Dimensions 


Laengde 


Length 


Rotation 


Rotation 


Tilbage ~~ 


Return 






Fig. 4e 




Forl0bet 


The sequence 


Start 


Start 


Statik 


Statics 


Lasttilfaelde " 


Load case 


Lastkombination 


Load combination 


Understottelser 


Supports 


Egenskaber for fjederunderst0ttelse - slet 


Properties of the spring support - delete 


Position - meter fra venstre 


Position - metres from the left 


Stivhed - uendelig 


Rigidity - infinite 






Fig. 4f 




Forl0bet 


The sequence 


Start 


Start 


Statik 


Statics 


Lasttilfaelde " 


Load case 


Lastkombination 


Load combination 


Belastninger 


Loadings 


Egenskaber for fjederunderst0ttelse - slet 


Properties of the spring support - delete 


Position - meter fra venstre 


Position - metres from the left j 


Stivhed - uendelig 


Rigidity - infinite 






4g " 




-orlebet 


The sequence 


Start 


Start 


Statik " 


Statics 


Lasttilfaelde ~ 


Load case 


Lastkombination 


Load combination 
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Lastkombination 


Load combination 


Tidslaenqde - korttidqtilstanri 


Duration - short-term state 


Driftstemperatur 


Operation temperature 


H©r©QninOSt\/nP - an\/pnHolQQcrfr*mncQti[ef*3nrl 


Type of calculation - limiting state for the 
utilisation 


Udb0jningsgraense - udbojningsgrad 


Limit of deflection - dearee of deflertinn 


LasttilfaBlde - navn - koefficient 


Load case - name - coefficient 


Angiv evt. et navn til lastkombinationen 


If convenient, indicate a name for the load 
combination 


Unavngivet 


Unnamed 


Beregn 


Calculate 
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